Using Crop Growth Models for Soybean and Corn Management by Batchelor, William D. K.
Proceedings of the Integrated Crop Management
Conference
Proceedings of the 1994 Integrated Crop
Management Conference
Dec 1st, 12:00 AM
Using Crop Growth Models for Soybean and Corn
Management
William D. K. Batchelor
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/icm
Part of the Agriculture Commons, and the Bioresource and Agricultural Engineering Commons
This Event is brought to you for free and open access by the Conferences and Symposia at Iowa State University Digital Repository. It has been
accepted for inclusion in Proceedings of the Integrated Crop Management Conference by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Batchelor, William D. K., "Using Crop Growth Models for Soybean and Corn Management" (1994). Proceedings of the Integrated Crop
Management Conference. 27.
https://lib.dr.iastate.edu/icm/1994/proceedings/27
USING CROP GROWTH MODELS FOR SOYBEAN 
AND CORN MANAGEMENT 
William D. Batchelor 
Assistant Professor 
Department of Agricultural and Biosystems Engineering 
Iowa State University 
Introduction 
Corn and soybeans are the two primary row-crops grown in Iowa. In 1993, 11 million acres of 
corn was planted, with an average yield of 149 bu/ ac. In the same year, 8.1 million acres of 
soybean was planted, with an average yield of 44 bu/ ac (Iowa Crop Report, 1994). Growers are 
under increasing pressure to produce crops with minimum effects to the environment. This must 
be done without compromising the economic sustainability of the farm. It is becoming more 
difficult to determine the optimum crop production strategy because the system constraints 
continue to increase. In the future, farmers will rely more heavily upon the use of computers to 
aid in decision making to determine the optimum crop production strategy including variety 
selection, planting date, irrigation, pesticide applications, fertilizer strategies, and manure 
applications. 
Crop growth models are computer programs that simulate the effects of weather and 
management conditions on crop growth, development, and yield. Models have been developed 
for predicting growth of major agronomic crops such as soybean, corn, wheat, barley, legumes, 
rice and cotton. Crop growth models can be very useful tools to evaluate how crops respond to a 
wide range of management strategies. Crop growth models provide detailed information about 
growth stage duration, morphogenesis, biomass accumulation and partitioning, soil water 
balance, and soil and plant nitrogen dynamics, growth of leaves, stems, and roots. These models 
mathematically describe the daily growth of vegetative (leaf, stern, root) and reproductive (seed, 
kernel, shell, cobb) components of the plant. 
Crop growth models answer many questions regarding production and management such as: 
• yield potential as affected by current or future weather 
• dynamic insect or weed treatment thresholds 
• response of crop to fertilizer or manure applications 
• optimum irrigation applications 
• reasons for spatial variability in yield 
• evaluation of grain quality 
• variety selection or replanting decisions 
• optimum planting date for a variety 
• evaluation of alternative management practices on yield 
The objective of this paper is to describe currently available corn and soybean crop growth 
models, and to demonstrate how they may be used to answer questions regarding crop growth. 
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Overview of the CROPGRO Model 
The crop growth model, CROPGRO (Hoogenboom et al., 1991), is a generic legume crop growth 
model that was developed to simulate growth of soybean, peanut, drybean, and other legume 
crops. Weather data consisting of daily maximum and minimum temperature, total solar 
radiation, and rainfall control the growth and development of leaf, stem, root, seed, and shell 
mass. Carbon, nitrogen, and water balances are updated daily and can affect growth processes. 
Figure 1 shows a basic flow diagram of some processes simulated in the model. Light is 
converted to carbohydrate through photosynthesis. This process is affected by crop type, leaf 
area, temperature, nitrogen, and water availability. Daily carbohydrate produced from 
photosynthesis is partitioned to vegetative or reproductive components based on growth stage, 
which is affected by temperature and time. Some carbon is used in each plant component for 
growth and maintenance respiration. This process is simulated each day during the season to 
predict daily growth of plant components. 
An example of predicted soybean growth is shown in Figure 2. In this experiment, Corsoy-79 was 
planted on May 1 on a Clarion soil. The figure shows the increase in leaf, stem, seed, shell, and 
root mass during the season for the weather data measured during 1982. 
Parameters in the CROPGRO-Peanut model are divided into four classifications. Crop 
parameters (183 total) generally describe species characteristics for plant level processes that are 
common to all crop varieties. These species parameters, developed by model developers, describe 
the basic response of processes such as photosynthesis, respiration, tissue composition. Growth 
and development functions are also defined. Temperature and water stress effects on growth are 
also characterized by species-specific functions. Ecotype parameters (18 total) generally describe 
rates of development or processes that are common to more than one cultivar. Cultivar 
parameters (13 total) generally describe rates of development and characteristics that vary among 
cultivars. Soil parameters (41 total) describe soil characteristics such as soil water holding capacity 
vs. depth, surface albedo, and runoff characteristics. Parameters for many soybean cultivars and 
soiltypes have been defined by researchers for Iowa varieties and soils. 
A minimum dataset has been defined by the International Benchmark Sites Network for 
Agrotechnology Transfer project (IBSNAT, 1988) for crop model calibration (Table 1). This 
minimum dataset includes time series measurements of crop growth and development, including 
leaf, stem, seed, pod, and total crop biomass, leaf area index, specific leaf area, vegetative stage, 
harvest index, seed number, pod number, weight per seed, and shelling percent. Measurements 
are typically taken every two or three weeks and measurements are averaged over several 
replications. 
Overview of Generic Ceres Model 
The CERES crop growth model (Singh et al., 1989) predicts growth of grain crops including corn, 
wheat, barley, millet, rice, and sorghum. The model is very similar in detail to the CROPGRO 
model, and both models were developed with common inputs and outputs. The model requires 
daily input of maximum and minimum temperature, rainfall and solar radiation (Table 1). It then 
computes growth of leaf, stalk, root, grain, and cobb mass based on nitrogen and carbon available 
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for growth each day. Water, nitrogen, and phosphorus stress can limit daily growth of each plant 
component. 
Examples of Crop Management Questions 
In the following sections, we will evaluate the effects of several management decisions on crop 
growth and yield characteristics using the CROPGRO model for soybean and the CERES model 
for com. 
1) Sensitivity of Planting Date to Yield 
Planting date can affect crop growth and yield for different soybean varieties. For each variety, 
there is an "optimum" planting date that maximized crop growth and yield. It is often difficult to 
determine the optimum planting date at the beginning of the season because of the uncertainty of 
future weather data. However, crop models can be used to predict the relative effects of various 
planting dates on growth and yield for different varieties. The model can be run for existing years 
of weather to determine the probability of yield for different planting dates. 
Figure 3 shows the sensitivity of leaf mass (A) and seed mass (B) to 6 planting dates ranging from 
April15 to July 1. For the Corsoy-79 variety, early planting dates resulted in higher leaf mass and 
subsequent grain yields. The final yield was decreased for later planting dates because this 
variety did not have time to fully develop the canopy. Later planting dates increased 
development rates and decreased time to reproductive stages. This in tum, decreased leaf mass 
and daily photosynthesis, reducing daily carbon fixation. This resulted in lower seed and pod 
numbers, and lower yield. 
2) Variety Selection 
When weather conditions delay planting, short season varieties must be selected to maximize 
yield. Crop models can simulate the effects of daylength and temperature on crop development 
and yield. Thus, crop growth models can integrate daylength and temperature to determine the 
best variety to plant on a given planting date. As an example, three different varieties, Corsoy-79, 
Williams-82, and Wayne, were simulated with a planting date of June 2. The results are shown in 
Figure 4. Corsoy-79 had the highest yield and the lowest leaf mass. Wayne had the lowest yield 
and the highest leaf biomass. Williams had a relatively high yield because it maintained leaf mass 
later than Wayne and its development was not as sensitive to daylength and temperature as the 
Wayne variety. Note that the growth rate of both Wayne and Williams was not as rapid late in 
the season because of decreased photosynthesis. 
3) Irrigation Strategies 
Irrigation decisions are often triggered by visual crop stress. Often, when visual signs of water 
stress occur, the plant has already lost yield potential. Crop models can track the soil moisture 
content and predict when yield potential will be reduced by water stress. Irrigations can then be 
scheduled in advance based upon potential for reduction in yield, rather than based upon visual 
signs of stress. The model computes the soil water available for plant uptake in the soil profile by 
computing water infiltration based on daily rainfall and evapotranspiration. Water stress can 
effect daily photosynthesis, growth rates, and carbon and nitrogen mobilization within the plant. 
Figure 5 shows the response of the model to irrigated and non-irrigated soybean. 
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4) Pesticide Application 
Crop growth models can be used to simulate the effects of insect and weed damage on crop 
growth and yield. Insects may cause damage to leaf or pod mass, resulting in significant yield 
reduction. When a insect population or damage is observed in the field, it is often difficult to 
determine when an economic threshold is reached. Crop growth models can be used to simulate 
the effects of insect damage on crop growth and yield, and to determine when it economic 
damage occurs. Figure 6 shows an example of the effect of defoliation on seed mass. 
One exciting application of crop models is to determine dynamic treatment thresholds during the 
season for insects. The crop model can be run real time during the season. When insect damage 
such as defoliation is observed in the field, the damage can be applied to the crop model. The 
model can be run using future weather data to determine if a pesticide application would be 
economical. 
5) Response of Com to Fertilizer Application Rate 
The CERE5-MAIZE crop growth model maintains a nitrogen balance (ammonium and nitrate) 
within the soil based on previous crop and fertilizer applications. The model computes daily crop 
uptake of nitrogen from the soil. Growth and development can be effected by limited nitrogen. 
The model does respond to different levels of nitrogen in the soil and growth can be effected by 
nitrogen limitations. Nitrate leaching is also computed. The model can be used to evaluate the 
effect of amount and timing of nitrogen applications on crop growth and yield. Figure 7 shows 
the effect of three rates of nitrogen applied at planting on com growth. 
Future Plans for Model Validation 
The soybean crop growth model has been validated for two soybean varieties grown on two 
different soil types in Iowa. We have plans to evaluate the model for additional varieties in 
different regions of Iowa during the 1995 growing season. The com model has not been tested in 
Iowa. We have plans to collect initial baseline data on com growth during the 1995 season. This 
data will be used to validate the com model for several varieties grown in three regions of the 
state. 
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Table 1. Required data input for the CROPGRO and CERES crop 
growth models. 
Management Information 
planting date 
plant population 
variety 
soil type 
irrigation applications 
fertilizer applications 
Weather information 
daily maximum and minimum temperature 
daily solar radiation 
daily rainfall 
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FIGURE 2. Simulated soybean biomass using the CROPGRO model 
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FIGURE 3a. Sensitivity of soybean leaf mass to planting date 
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FIGURE 3b. Sensitivity of soybean pod mass to planting date. 
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FIGURE 4. Sensitivity of soybean leaf and pod mass to variety selection 
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FIGURE 5. Sensitivity of predicted soybean leaf and pod mass to water stress 
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FIGURE 6. Effects of defoliation on leaf and pod growth. 
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FIGURE 7. Sensitivity of the corn model to level of nitrogen fertilizer application 
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